Phytogenic feed additives are gradually gaining prominence in animal feeding to improve their performance and boost their immune response (Oloruntola et al., 2016b) . These products include pawpaw whose leaf has been previously identified by Oloruntola et al. (2018) as a natural source of papain, chymopapain A and B, and papaya peptidase A. Papain is proteolytic and thus capable of enhancing protein digestion (Oloruntola et al., 2018) . In addition, the papaya leaf contains broad-spectrum phytochemicals including alkaloids and phenols. Phenolic compounds have high antioxidant activity and free radical scavenging capacity, with the mechanism of inhibiting enzymes responsible for reactive oxygen species production (Kahkonen et al., 2001 ).
The antibacterial, antifungal, antiviral, neuroprotective and antifertility activities of papaya have also been documented (Kadiri et al., 2016) . It is conceivable that the nutritive and phytogenic potentials of the papaya leaf could be used as a growth promoter in broiler chicken feed. Hematological and serum biochemistry assay of livestock can show the physiological disposition of animals to nutrition, meaning that they can be a reflection of the physiological responsiveness of animals to feed and feeding (Oloruntola et al., 2016b) . In addition, deviation in the relative internal organ weight of animals has been reported to be indicative of a possible response of their internal organs to toxins in their feed (Ayodele et al., 2016) . Therefore, the assessment of the effect of enzymes and pawpaw leaf meal on the performance, carcass, physiological status of the animals, especially the hematology and serum biochemistry, is important. The objective of this study was thus to assess the effect of exogenous enzymes and pawpaw leaf meal inclusion on the performance and physiological status of broiler chickens.
■ MATERIALS AND METHODS

Experimental site, animal management and design
The experiment was carried out at the Teaching and Research Farm Department of the Agricultural Technology, The Federal Polytechnic, Ado Ekiti, Nigeria. In total, 288 Arbor-Acre one-day-old unsexed broiler chicks were randomly distributed into 24 pens of 12 birds each. The pens were allotted to four dietary treatment groups arranged in six replications. The experimental design was of a completely randomized design in a 2 x 2 factorial arrangement, i.e. diets with 0 and 50 g/ kg pawpaw leaf meal (PLM), and diets with 0 and 0.5 g/kg enzymes added after feed manufacturing. PLM was included in diets 3 and 4 by replacing palm kernel cake and soybean meal ( Table I) .
The birds were placed on wood shaving litter in controlled pens. The temperature was controlled within the range of 32 ± 2 o C on days 1 to 7, then reduced by 2 o C on each successive week and thereafter maintained at 28 ± 2 o C until the end of the experiment. In the first week, the birds were exposed daily to 23 hours of lighting and 1 hour of darkness, and thereafter to 18 hours of lighting and 6 hours of darkness until the end of the experiment. The birds were fed their respective experimental diets and water ad libitum for six weeks.
Experimental diets
The enzyme used was a commercial complex (Bioenzyme PH) whose composition is presented in Table II . Fresh pawpaw leaves were harvested from the Teaching and Research Farm at about 6:00 GMT, chopped into smaller pieces, air dried for 14 days, hammer milled and kept in an airtight container before use. The pawpaw leaf meal was analyzed in triplicate for proximate composition using an AOAC method (1990) (Table III) . PLM was further analyzed for alkaloids (Harbone, 1973) , saponins (Shad et al., 2013) , tannins ( Van-Burden and Robinson, 1981) and flavonoids (Shad et al., 2013) . Phytates and oxalates were determined according to Wheeler and Ferrel (1971) , and Day and Underwood (1986), respectively. Four isocaloric and isoproteinacious experimental diets were formulated. They were designated as diet 1 or control (0% PLM, 0% E), diet 2 (0% PLM, 0.05% E), diet 3 (5% PLM, 0% E) and diet 4 (5% PLM, 0.05% E) ( Table I) . Diets 1 and 3 were not enzyme supplemented but had pawpaw leaf meal inclusion at 0% and 5% level, respectively, whereas diets 2 and 4 were enzyme supplemented at the rate of 0.05% but had PLM inclusion at 0% and 5% level, respectively. The calculated composition of experimental diets at starter (1 to 21 days of age) and grower-finisher (22 to 35 days of age) phases are shown in Tables I and IV , respectively, and were formulated to meet the nutritional requirements of broiler chickens.
Performance and apparent digestibility
The birds were weighed individually at the beginning of the trial and weekly. Feed consumption and mortality were recorded daily during the whole experiment. The weekly final weight gain was determined by subtracting the initial weight of birds from the final weight. The feed conversion ratio (FCR) was calculated as the ratio of feed consumed to weight gain, whereas the mortality was calculated as the number of deaths per treatment per day. Five birds were randomly selected from each replicate at 35 days of age, housed individually in a metabolism cage for fecal collection and apparent digestibility determination of dry matter (DM), crude protein (CP), ether extract (EE) and ash based on procedures described by Vogtman et al. (1975) . Feed was supplied ad libitum; after the first three days of adaptation, feed intake and feces were recorded during four days. Droppings were collected twice daily, thoroughly mixed and weighed. Aliquots from each day samples were frozen at -20 o C and bulked at the end of the fourth day. Thereafter, the bulked samples were weighed and dried in a forced air circulation oven at 60 o C for 12 hours. The dried droppings were later ground (0.5 mm screen) and analyzed for proximate composition. Apparent digestibility were expressed as (feed intake -fecal) × 100 / feed intake.
Bird slaughtering, blood collection, carcass and organ evaluation
At 42 days old, three birds from each replicate were randomly selected, tagged, starved overnight, weighed and slaughtered by cutting the jugular veins, allowing blood to flow freely into a bottle containing ethylene diaminetetra acetic acid (EDTA), and a plain bottle for hematology and serum chemistry analysis, respectively. The serum was separated from the blood samples and frozen at -20ºC before analysis. Thereafter, the slaughtered chickens were defeathered after scalding in hot water (55-60°C) for 30 seconds, dressed and eviscerated. The dressed weights were estimated. The internal organs (liver, heart, lung and gizzard) were excised, weighed and expressed as a percentage of the slaughtered weight.
Blood parameter analysis
The packed cell volume, red blood cells, mean cell hemoglobin, mean corpuscular hemoglobin concentration, mean cell volume, hemoglobin concentration and white blood cells were determined according to Lambs (1981) . Total protein, albumin, globulin, cholesterol, high-density lipoprotein, low-density lipoprotein (LDL), bilirubin, and alanine transaminase were determined with Reflectron Plus 8C79 kit (Roche Diagnostic, GonbH Mahnheim, Germany).
Data analysis
All data on performance, digestibility, blood parameters and carcass evaluation were subjected to analysis of variance from general linear model procedures for complete randomized design with two-enzyme 6.11 Table III Proximate and phytochemical composition of pawpaw leaf meal using AOAC 1990's method digestibility of DM and CP was improved (p < 0.05) in enzyme and/or PLM supplemented diets (diets 2, 3 and 4) compared to control. The ether extract and ash digestibility in birds fed the control diet were similar to those of diet 3 with 5% PLM, but lower than those of diets 2 and 4. E significantly (p < 0.05) improved DM, CP, EE and ash digestibility, whereas PLM inclusion significantly (p < 0.05) increased DM and CP digestibility. The interaction effect of E and PLM was significant (p < 0.05) for DM and CP digestibility (Table VI) .
Carcass traits, internal organ weight and blood parameters Table VII shows the effect of PLM and E on the carcass and relative internal organ weight of broiler chickens. The slaughter weights (SW) of broiler chickens in diets 2 and 4 were similar to those fed diet 3 but higher (p < 0.05) than those fed the control diet. The relative liver weight of broiler chickens fed diets 1 and 4 was similar, but it was significantly (p < 0.05) high in chickens fed diet 3. E significantly (p < 0.05) improved SW, reduced the liver weight and tended to improve (p = 0.08) the dressed weight (DW), whereas PLM tended to increase (p = 0.06) SW. E was not significant (p > 0.05) for the dressed weight percentage (DWP), and kidney, heart, lung and gizzard relative weights, whereas PLM was not significant (p > 0.05) for DW, DWP and the relative weights of internal organs (kidney, liver, heart, lung and gizzard). The interaction of E and PLM was not significant (p > 0.05) for the carcass and all the relative internal organ weights measured. levels × two PLM levels factorial arrangement of treatments. The data were tested for enzyme, PLM, and interaction of enzyme with PLM. When the treatment effect was significant (p < 0.05), means were separated with Duncan's multiple range test using SPSS version 20.
■ RESULTS
Chemical composition of pawpaw leaf meal, performance of broiler chicken and digestibility of nutrients
Pawpaw leaf meal contained high crude protein (26.14%), crude fiber (16.05%) contents and phytochemicals such as alkaloids, saponins, tannins, flavonoids, phytates and oxalates at reasonable levels (Table III) . Table V shows that at three weeks old the body weight (BW) gain of broiler chickens in diet 4 was significantly (p < 0.05) higher than that in the other diets. At six weeks old, the BW gain of birds fed enzyme supplemented diets (diets 2 and 4) was similar but significantly (p < 0.05) higher than that with diets 1 and 3. Enzyme supplementation significantly (p < 0.05) improved the BW gain at three and six weeks, whereas PLM inclusion increased it (p < 0.05) at six weeks of age. The interaction of enzyme x PLM was not significant (p > 0.05) at three and six weeks of age.
Enzyme supplementation (E) numerically improved the feed intake and feed conversion ratio, whereas PLM inclusion numerically improved the feed conversion ratio but decreased the feed intake at both starter and finisher phases. Kadiri et al. (2016) . These various reports may arise from the natural variability of plant secondary metabolite and chemical compositions (Nahak, 2014; Valenzuela-Grijalva et al., 2017) .
The chemical composition of PLM in this study showed that it could be used as a plant protein source and phytogenic feed additive in monogastric nutrition. The presence of alkaloids and flavonoids in PLM indicates its antimicrobial and antioxidant potentials (Shad et al., 2013) . Enzyme supplementation has been explored to improve the performance of broilers (Choct, 2006) . In our study, multienzyme supplementation improved the BW gain at three and six weeks. This result agrees with that of Hossain et al. (2016) who reported significant growth of broilers when diets were supplemented with microbial enzymes. The improvement in BW gain due to enzyme supplementation in this study may be ascribed in part to the fact that exogenous enzymes could have helped to break down non-starch polysaccharides, antinutritional factors typified by phytates and oxalates with attendant improvement in the biological value of the diet (Choct, 2006) . In addition, E could have changed the intestinal environmente.g. viscosity of digesta -leading to better contact between nutrients, endogenous enzymes and absorptive mucosa (Bedford, 1995) .
In this study, although the multienzyme supplementation was able to improve the BW gain, it could only numerically improve the feed intake and conversion ratio. This numeric increase in feed intake due to enzyme supplementation may originate from the activity of supplemented enzymes that enhances the availability of certain trace minerals (e.g. Cu, Zn, Mn) known to stimulate a greater feed intake in broiler chickens (Larbier and Leclercq, 1994) . The increased feed intake may also be the consequence of the faster growth of birds caused by E, which results in higher nutritional requirements (Hossain et al., 2016) ; chicks increase their feed intake in order to meet their nutritional requirements (Shrivastava et al., 1981) . However, the present result disagrees in part with Olukosi et al. (2007) who reported an increase in the body weight gain, feed intake and feed efficiency in broilers fed rye-and wheat-based diets with xylanase supplementation. Variations may result in part from nutrient density reductions in control diets, and varied concentrations and compositions of exogenous enzymes used in these studies.
The influence of phytochemicals on the growth performance of farm animals has been linked to their antibacterial activity, stimulation of digestive fluid secretion and decreased intestinal PH, which result in enhanced nutrient utilization efficiency, reduced gut disorder and improved health (Ayodele et al., 2016) . In addition, the enzyme (papain) present in PLM has been involved in enhancement of protein digestion and utilization, and as digestive tract cleanser (Oloruntola et al., 2018) . According to Kadiri et al. (2016) , papain also plays a crucial role in biological processes because of its ability to break down organic molecules made of amino acids (crucial nutrients for growth). This may explain the reasons behind the numeric increase in BW gain of broiler chicks with the 50 g/kg PLM diet. Furthermore, the nonsignificant interactive effect of E and PLM suggests that these two factors were independent from one another in broiler chicken nutrition: the presence or activity of one factor did not affect that of the other.
Enzymes are added to animal diets to make up some compounds in feed that cannot be broken down by the digestive enzymes. Enzyme supplementation in this study may have improved dry matter digestibility, crude protein, ether extract and ash digestibility. Protease, one of the components of the multienzymes used in this study might have played a major role in increasing crude protein digestibility by augmenting endogenous production of peptidase and thereby improving the digestibility of dietary protein. In addition, proteases may hydrolyze protein-based antinutrients (Ghazi et al., 2002) , thus improving amino acid utilization efficiency and reducing protein turnover in Table VIII shows the effects of PLM and E on hematological indices of broiler chickens. These effects and their interaction were not significant (p > 0.05) for all the hematological parameters except the platelets. The levels of platelets in chickens fed E and/or PLM diets (diets 2, 3 and 4) were higher than those fed the control diet. Platelets significantly (p < 0.05) increased with E. Red blood cells tended to increase (p = 0.09) with E, and the interaction of E and PLM was significant (p < 0.05) for platelets.
The serum metabolites were similar in the experimental diets except for cholesterol and LDL that were significantly (p < 0.05) higher in the control diet than in the other diets. E significantly (p < 0.05) reduced LDL, whereas PLM significantly (p < 0.05) reduced cholesterol and LDL. The E and PLM interaction was significant (p < 0.05) for LDL (Table IX) .
■ DISCUSSION
Phytogenic feed additives or phytobiotics are used to boost livestock feed properties with the aim of improving performances. There were slight variations in the chemical composition of PLM in this study compared to values obtained by other authors. For instance in our study, the CP value of PLM (26.14%) was lower than that of 27.50% reported by Kadiri et al. (2016) . The crude fiber value (16.05%) recorded for PLM was also higher than that of 5.60% reported by are herbal supplementation or antinutrients in the plant-based diet (Abou-Elkhair et al., 2014) as in this study. Therefore, in this study the breakage of antinutrients by exogenous enzymes might have normalized the activities of the liver. However, similar kidney, lung and gizzard weights across diets suggest that E, PLM and their interaction did not affect these organ weights.
Hematological indices are used to determine the health status and nutritional state of animals (Aletor and Egberongbe, 1992) . The hematological indices determined in the present study were within the normal range reported by Mirtuka and Rawnsley (1997) and were not significantly affected by E and PLM in most cases. This indicates the nutritional adequacy of these factors. However, there was an increase in most erythrocytic indices in E diet. This suggests possible support of this main factor (enzyme) for adequate or normal hematopoiesis. E might enhance the utilization of minerals and vitamins (such as iron, copper, vitamin B, folic acids, among others) needed for blood formation. Several authors (Um and Palk, 1999; Hossain et al., 2016) have reported on improving the bioavailability of minerals (some of which play a significant role in blood formation) by phytase supplementation. White blood cells are part of the immune system which fights infections. Therefore, the tendency to increase in blood parameters was also related to the increase in digestibility in the present study. The increase in WBC and lymphocytes by enzyme supplementation and PLM inclusion in this study may imply that these factors produced an immunomodulatory effect in the birds, as reported by Oloruntola et al. (2016b) .
Platelets, which are produced by the bone marrow, help in blood clotting and wound healing. The significant numerical increase in platelets in broiler chicks fed E and PLM diets, respectively, further birds. Phytase improves ileal fat digestibility by reducing endogenous loss and improving dietary nutrient solubility, thereby causing reduction in the undigested fraction (Selle et al., 2010) . Supplementary microbial phytase has also been reported to improve bioavailability of dietary phosphorus and other minerals bound to phytates (Um and Palk, 1999) . These may be responsible for the increase in ether extract and ash digestibility recorded in this study. The improvement in dry matter and crude protein digestibility due to PLM inclusion in this study may be in part due to the activities of a proteolytic enzyme (papain), an effective natural digestive aid, which aids break down proteins. Worthy of mention is the interaction effect of E and PLM on dry matter and crude protein digestibility in the study; the two factors could synergize one another to achieve optimal digestibility.
The increase in the slaughter weight obtained with E may be due to a better utilization of essential nutrients needed for growth in the birds; the enzymes present in multienzyme supplementation have been reported to enhance nutrient utilization by breaking down materials that interfere with digestion, absorption and utilization of nutrients. In addition, the improvement in the carcass trait due to E which translated to a mere increase in the dressed weight in this study agrees with a report by Ogunsipe et al. (2015) on broiler chickens fed roxazyme G2G supplemented cassava plant meals. Thus, apart from the diet, the carcass yields in broilers are affected by a number of factors, including slaughtering condition, sex, genetics and live weight (Havenstein et al., 2003; Bricket et al., 2007) . Comparison of the relative organ weights between treated and untreated groups can be useful to predict the toxic effect of test materials. Liver hypotrophy as a result of enzyme supplementation in this study can be beneficial to health since cases of liver hypertrophy have been linked to increased liver activity through increased digestive enzyme production, when there Enzyme supplementation (0.5 g/kg) improved the BW gain of broilers. It also improved DM, CP, EE, and ash digestibility, whereas PLM inclusion (50 g/kg) enhanced DM and CP digestibility. E improved SW in broiler chickens. No negative effects of enzymes nor of PLM on the other studied parameters were observed. Enzyme supplementation (0.05%) in broiler chickens improved their performance, whereas enzyme supplementation (0.05%) and PLM inclusion (5%) promoted nutrient digestibility and health benefits.
confirmed the health protection effect against excessive blood loss in the birds. In addition, the significant interactive effect of E and PLM shows that combining these factors might promote healing and prevent blood loss. Some phytochemicals such as saponin present in leaf meals have been reported to exert a hypocholesterolemic effect and reduce gut cholesterol uptake through intralumenal physicochemical interaction (Yilkal, 2015) . This may be responsible for the decrease in cholesterol in PLM inclusive diets, suggesting that PLM have hypocholesterolemic properties. In addition, the decrease in LDL due to the two main factors (E and PLM) and cholesterol level due to PLM inclusion further support the wholesomeness of the dietary treatment in promoting health in broiler chickens. This result agrees with Oloruntola et al. (2016b) , who reported a decrease in serum cholesterol
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Oloruntola O.D., Ayodele S.O., Oloruntola D.A. Efecto de la harina de hoja de papaya (Carica papaya) y de las enzimas exógenas en la dieta sobre el rendimiento de los pollos de engorde, la digestibilidad y la composición de la carcasa y de la sangre
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